Abstract Despite promising trends of the efficacy of mobile health (mHealth) based strategies to a broad range of health conditions, very few if any studies have been done in terms of the examining the use of mHealth in HIV prevention efforts among people who use drugs in treatment. Thus, the goal of this study was to gain insight into the real-world acceptance of mHealth approaches among high-risk people who use drugs in treatment. A convenience sample of 400 HIV-negative drug users, who reported drug-and/or sex-related risk behaviors, were recruited from a methadone clinic in New Haven, Connecticut. Participants completed standardized assessments of drug-and sex-related risk behaviors, neurocognitive impairment (NCI), and measures of communication technology access and utilization, and mHealth acceptance. We found a high prevalence of current ownership and use of mobile technologies, such as cell phone (91.5%) including smartphone (63.5%). Participants used mobile technologies to communicate mostly through phone calls (M = 4.25, SD = 1.24), followed by text messages (M = 4.21, SD = 1.29). Participants expressed interest in using mHealth for medication reminders (72.3%), receive information about HIV (65.8%), and to assess drug-related (72.3%) and sex-related behaviors (64.8%). Furthermore, participants who were neurocognitively impaired were more likely to use cell phone without internet and show considerable interest in using mHealth as compared to those without NCI. The findings from this study provide empirical evidence that mHealth-based programs, specifically cell phone text messaging-based health programs, may be acceptable to this high-risk population.
Introduction
Substance use disorders have been inextricably linked with HIV with a wide range of social and health consequences [1] . Despite recent evidence showing that the number of diagnosed HIV infections attributed to people who use drugs has decreased [2] , they still remain a priority population for the prevention of HIV. People who use drugs represent a population vulnerable to new HIV infections mostly as a result of preventable drug-related (e.g., sharing of injection equipment) and sex-related (e.g., condomless sex) HIV risk behaviors [3] [4] [5] [6] [7] .
Additionally, recent studies have shown that a disproportionate percentage of people who use drugs (30-40%) display a wide range of cognitive deficits-such as difficulties in executive function, memory, attention, new learning, information-processing speed-that have significant impact on HIV risk behaviors and risk-reduction intervention outcomes [8] [9] [10] [11] [12] [13] [14] [15] . For example, deficits in executive function influences rational decision-making, which may impede individuals from making safer sexual choices. Similarly, slowed information processing function may prevent the timely, appropriate consideration of risk variables during decision-making instances [15] . As a result of chronic drug use, related lifestyle experiences, and relatively poor health, a disproportionate percentage of people who use drugs experience NCI to the extent that it may be disruptive to their participation in treatment services, including decreased treatment engagement, poor treatment retention, and suboptimal medication adherence [16] [17] [18] [19] [20] [21] .
Considerable progress has been made in developing and expanding the evidence-based HIV prevention interventions [22] . The available evidence-based interventions, however, do not adequately address the unique cognitive needs of people who use drugs and, thus, have resulted in this high risk population deriving less benefit from existing interventions [23] . Failing to properly intervene with this high risk population has resulted in poor individual outcomes, and also threatens public health by increasing the likelihood of HIV transmission via people who use drugs. These individualsand the communities in which they live-would greatly benefit from improving and expanding existing EBIs.
The recent availability of pre-exposure prophylaxis (PrEP) has provided unprecedented opportunities in the public health response to curtail the HIV epidemic. Findings from recent PrEP trials have demonstrated that taking PrEP daily significantly reduces HIV transmission among those who are at substantial risk of acquiring HIV infection, including people who use drugs [24] [25] [26] [27] . Early optimism related to the potential benefits of PrEP may be diminished with regard to certain risk populations, however, due to evidence suggesting that even modest or occasional non-adherence can greatly lessen the effects of PrEP [25, 27, 28] . Particularly with regard to high-risk people who use drugs, the combination of substance abuse and higher levels of neuropsychological symptoms may significantly affect their adherence to PrEP, engagement and retention in HIV interventions as well as their ability to acquire and retain the knowledge and skills necessary to modify their risky behaviors [16] [17] [18] [19] [20] . Therefore, incorporation of innovative tools to improve medication adherence, health-promoting behaviors, and access to and utilization of health care are urgently needed, particularly tailored toward people who use drugs with NCI.
There has been growing interest in the use of mobile technologies for health (mHealth) in health care and public health practice to facilitate delivery of health promotion and disease prevention initiatives [29] [30] [31] [32] [33] . mHealth interventions (e.g., phone calls or text messaging reminders, boosters to reinforce risk reduction skills) have been shown to have a positive impact on medication adherence, appointment attendance, and health-promoting behaviors (e.g., modify risky behaviors) [30] [31] [32] [33] [34] [35] [36] [37] . Furthermore, growth in the number of health-related 'apps' and steady reduction in cost of mobile devices have created the potential for mHealth to add considerable value to medical care and public health programs, particularly among high risk populations with limited resources. As mobile technology access, utilization, and services become increasingly prevalent, this seems to be an ideal tool to incorporate within existing EBIs to facilitate self-monitoring, positive reinforcement, and remote coaching to improve medication (e.g., PrEP) adherence and to modify risk behaviors.
Over the past few decade, the adoption of mobile technologies throughout the United States has grown significantly. Mobile device sales are expected to grow from 172 million in 2009 to 215 million in 2016, an increase of 25% [38] . Recent estimate showed that 31% of cell phone users use their phones to look up health information, almost double that of those who did this in 2010 (17%) [39] . Despite these promising trends, there is a dearth of evidence specific to on the use of mHealth tools in addressing the needs of high risk people who use drugs who are enrolled in substance abuse treatment settings (e.g., methadone maintenance programs: MMP). To our knowledge, only one study has assessed the utilization of communication technology [40] ; however, no published data on the acceptability of mHealth-based interventions in high-risk people who use drugs exist. Furthermore, although the popularity of using mHealth has increased among the general population [29, 30] , previous research has expressed concerns that certain characteristics, such as cognitive deficits, may present barrier towards wide scale use of mHealth [41] . No studies to date, however, have assessed the influence of NCI on mHealth utilization, particularly among people who use drugs in treatment. Thus, the goal of this study was to gain insight into the real-world acceptance of mHealth approaches among high-risk people who use drugs in treatment. More specifically, we wanted to examine: (1) the current ownership and utilization of communication technology (e.g., landline phone, internet, cell phone), (2) acceptability of future mHealth-based approaches, and (3) whether ownership and utilization of communication technology and acceptability of mHealth differs between individuals with and without significant NCI. The findings from this study will help to gauge the possibility of incorporating mHealth-based approaches in HIV-risk reduction programs to enhance medication (e.g., PrEP) adherence and to modify risky behaviors.
Methods

Participants
A total of 400 participants were recruited using a convenience sampling process between June and July 2016. Individuals were eligible if they were: (i) 18 years or older, (ii) HIV-negative, (iii) reported drug-or sex-related HIV risk behaviors in the past 6 months, (iv) met DSM-V criteria for opioid use disorders, (v) enrolled in MMP, (vi) able to understand, speak, and read English, and (vii) able to provide informed consent. Figure 1 shows the schematic representation of sampling plan for this study. A total of 438 people completed the initial screening form; however, 28 were screened out because they did not meet eligibility criteria. Of those who were eligible to participate (n = 410), one participant did not complete the survey and nine did not agree to participate in the study. Therefore, the final sample size included 400 participants.
Study Setting and Procedures
This cross-sectional study was conducted among high-risk people who use drugs within APT Foundation, which is a community-based facility in New Haven, Connecticut that provides drug treatment and clinical care to opioid-dependent drug users. The MMP is offered by the APT Foundation and is dispensed daily by MMP nurses; case management and counseling is provided by counselors certified by the State of Connecticut to provide substance abuse counseling.
Participants were recruited via flyers, peers, word-ofmouth, and direct referral from counselors at the APT Foundation MMP. Potential participants were screened inperson in a private room or by phone using a standard screening form. Individuals who met inclusion criteria, and who were willing to participate, were provided a description of the study and invited to provide informed consent, followed by the survey. Participants were assessed using audio computer assisted self-interview (ACASI) that has demonstrated sound psychometric properties in prior studies [42, 43] and controlled trials [44] . All participants were reimbursed for the time and effort needed to participate in the survey. The study protocol was approved by the Investigational Review Board (IRB) at the University of Connecticut and received board approval from APT Foundation Inc.
Measures
Participant Characteristics
Data were collected regarding a number of participant characteristics, including age, gender, sexual orientation, ethnicity, marital status, educational status, primary language, employment status, income, health insurance, visit to psychiatrist, homeless status, and methadone dose. We also assessed whether participants were prescribed any medication (other than methadone) in the past 30 days, and for those who were, we assessed medication adherence (range 0-100) with a self-reported, validated three-item scale [45] .
Total individual screened (n=438)
Total eligible individuals (n=410)
Analytic sample size (n=400) 
Individual excluded (n=10)
Did not agree to consent: 9 Incomplete survey: 1 
Drug-and Sex-Related Risk Behaviors
Participants' self-report measure of drug use and sex-related HIV risk behaviors during the past 30 days were assessed using an adapted version of the HIV risk-taking behavior scale (HRBS) [46] . We utilized seven out of the eleven items from the original scale to measure risk behaviors among our sample (Table 2) .
Access to and Frequency of Use of Communication Technology
We utilized an adapted version of an existing scale [47] to measure participants' access to and frequency of use of various types of communication devices (e.g., landline telephone, cell phone, tablet, laptop, personal computer). Participants were asked how often they use various types of communication technologies on a 5-point Likert scale (ranging from 1 = 'never' to 5 = 'all the time').
Utilization of Cell Phone/Smartphone
Participants' utilization of cell phone, including smartphone, for various activities (e.g., make or receive phone calls, send or receive text messages, take a picture, record video, access internet, send or receive emails, download applications, listen to music, watch videos, play games, use health-related apps, etc.) was assessed using a 5-point Likert scale (ranging from 1 = 'never' to 5 = 'all the time') questions [47] .
Acceptability of mHealth
Participants were asked whether they would be willing to use mHealth in several ways in order to promote better health outcomes, such as to receive reminders to take medication, to receive information about HIV, and to assess drug and sexual behaviors. In this context, we used three items, which were measured on a 5-point Likert scale (ranging from 1 = 'not interested at all' to 5 = 'extremely interested'). Additionally, participants' frequency (i.e., daily, weekly, and monthly) and preference of type of mHealth use (i.e., phone call, text message, email, or any methods) were also assessed [47] .
Neurocognitive Impairment (NCI)
NCI was measured using the brief inventory of Neurocognitive Impairment (BINI), which is a 54-item, brief, self-report measure of neuropsychological symptoms [48] . The BINI was developed as a quick and convenient way to help elicit diagnostically relevant information about both general NCI and specific symptom (e.g., attention, memory, linguistic functioning, etc.). The overall BINI score was obtained by summing responses to all items. Scores were then converted to age-adjusted standardized scores (i.e., z-scores) based on normative data. Participants with an age-adjusted z-score of C0.5 were classified as neurocognitively ''impaired''(at least mild impairment), whereas, those with\0.5 were classified as ''not impaired'' [49, 50] .
Data Analysis
All data analyses were performed using SPSS v. 22 [51] . We computed descriptive statistics, including frequencies and percentages for categorical variables and means, standard deviations, and ranges for continuous variables. We used Chi square tests to examine the statisitical differences by NCI status based on participants ownership or access to communication technologies. Additionally, two-sided t-tests were conducted to determine whether differences existed in mHealth acceptance between participants with and without NCI. Estimates were evaluated for statistical significance based on 95% confidence intervals using p \ 0.05.
Results
Participant Characteristics
Participants were mostly in their early 40s (mean = 40.9; SD = 11.1 years), male (58.5%), White (63.2%), and single (48.3%). The majority of the participants identified as heterosexual or straight (86.5%), reported to have English as a primary language (92.3%) and to have graduated from high school (73.2%). Only 17.3% of the participants reported being currently employed and 78% were earning less than $10,000 per year. Over 95% of participants reported to have health insurance, 91.8% reported to have seen a healthcare provider in the past 12 months, and more than half of the participants (50.2%) reported to have been homeless in the past 12 months. All participants were enrolled in an inner-city MMP and were maintained on a stable dose of methadone. The mean daily methadone dose was 81.5 (SD = 28.4) mg. Almost one-third of the participants (30.3%) were classified as being neurocognitively impaired. In addition, the majority reported taking prescribed medication (other than methadone) in the past 30 days. The average total score for medication adherence was 73.3 (SD = 15.4) on a scale of 0-100.
Drug-and Sex-Related Risk Behaviors
Self-reported recent HIV risk behaviors were highly prevalent among study samples. Over half of the AIDS Behav (2017) 21:3100-3110 3103 participants (57.5%) reported current drug injection in the past 30 days. Of those, two-thirds reported having shared injection equipment while only 21.3% reported having always cleaned their needles with bleach before re-using.
Of those who were sexually active (82.0%), 40% reported having sex with more than one sexual partner and only 7.9, 14.9, and 9.1% reported always using condoms with regular, casual, and paid sexual partners, respectively. Of the total sample, 13.5% reported having been diagnosed with a sexually transmitted infection.
Access to and Frequency of Use of Communication Technology
Data in Table 1 show that 91.5% of participants reported to owning/having daily access to cell phone: 63.5% reported owning/having daily access to a cell phone with internet access (i.e., smartphone), 42.5% owing a phone without internet access (i.e., basic cell phone), and 14.5% owning both (i.e., smartphone and basic cell phone). Rates of ownership were fairly consistent across other devices, such as landline phones (22.8%), tablet (21.5%), and laptops (21.5%). Also, 14.2% regularly accessed a personal computer and 6% reported having access to other devices (e.g., Personal Digital Assistant, Google Glass, Samsung Smartwatch). The results of the Chi square suggested that participants with NCI were significantly (2.20 times) less likely to own a cell phone (either smartphone or basic phone: (OR = 0.45, v2 = 4.97, p = 0.026) and 2.10 times less likely (OR = 0.47, v 2 = 11.25, p \ 0.001) to report having daily access to smartphone.
As shown in Table 2 , the most frequently used communication device among participants was a smartphone (M = 3.38, SD = 1.89), followed by basic cell phone Table 3 ). Table 4 depicts participants' interest in and potential acceptance of mHealth. The majority of the participants (72.3%) indicated that they would like to receive reminders to take their medication(s). Participants were interested in Other devices includes personal digital assistant, google glass, samsung smartwatch NCI Neurocognitive impairment, OR odds ratio receiving electronic medication reminders mostly on a daily basis (43.5%), followed by a weekly basis (22.3%), and monthly (5.8%). Additionally, there was considerable interest in mHealth among participants to receive information about HIV (65.8%) and to assess drug-related (72.3%) and sex-related risk behaviors (64.8%). In terms of receiving information about HIV, participants mostly preferred to receive information on a weekly basis (27.0%).
Acceptability of mHealth
The most preferred method of mHealth intervention was via text messages for both to receive medication reminders (54.5%) and to receive information about HIV (35.3%).
The results of an independent samples t-test showed that there were significant differences in terms of all aspects of mHealth acceptance among study participants. Participants who were cognitively impaired were significantly more likely than those without NCI to show interest in using mHealth to remind them to take medication (Table 5) . SD Standard deviation, NCI neurocognitive impairment, CI confidence interval 1 = 'never', 2 = 'rarely', 3 = 'sometimes', 4 = 'Often', 5 = 'all the time' 
Discussion
The use of mobile communication technologies (e.g., cell phone, smartphone) is growing rapidly to supplement traditional public health programs to promote health and healthy behaviors, raise awareness of health risks, and manage treatment and medication adherence [29, 30, 52] .
To our knowledge, however, there is a lack of empirical evidence on the utilization of communication technologies and the potential acceptability of mHealth that is needed to guide the integration and implementation of mHealth strategies targeting toward high-risk drug users in treatment settings. Our study evaluated the current ownership and use of communication technology as well as the potential mHealth acceptance among high-risk people who use drugs. The findings from this study provide preliminary evidence of a previously unexplored area, supporting the integrated mHealth-based approach in HIV-risk reduction programs to enhance medication adherence (e.g., PrEP) and to support risk reduction behaviors among this underserved population. Among high-risk people who use drugs in treatment, we found a high prevalence of current ownership and use of mobile technologies, particularly cell phone. The overall rate of cell phone ownership among participants was 91.5%, with 63.5% reported to have smartphone ownership, which is slightly lower than the US national ownership rate of 68% [53] . Furthermore, the findings showed that more participants used mobile technologies (i.e., cell phone) to communicate (e.g., primarily through phone calls and text messages) compared to landline phones, tablets, laptops, and personal computers. This likely reflects the digital revolution and the fast-paced growth of mobile technologies and adoption of such technologies among our sampled population. This prevalent use of mobile technologies among people who use drugs may be viewed as an opportunity to integrate mHealth into existing EBI tools.
A novel aspect of this study was that our study indicated considerable interest among high-risk people who use drugs in specific mHealth strategies, such as receiving reminders to take medication(s), receiving information related to HIV, and assessing drug-and sex-related risk behaviors. These findings are comparable to those from prior studies with other risk populations [37, 54, 55] . Participants preferred daily text reminder to remind them to take medication(s); however, they preferred weekly text [34, 37, 56, 57] . The high penetration of mobile technologies (i.e., cell phone and smartphone) and its potential acceptability suggest its utility to improve health outcomes among this high-risk population. The findings from this study, thus, provide important insights into how cell phone messages can similarly be utilized in this high-risk population for medication (e.g., PrEP) reminders and additionally to target them with HIV-prevention or risk-reduction health campaigns.
As an extension of prior literature, we explored the differential pattern of the use of communication technologies and mHealth acceptance based on participants' NCI status in this at-risk population. Our findings indicate that participants with higher levels of cognitive impairment were less likely to own a cell phone, particularly smartphones. Furthermore, those with NCI were more likely to use a basic cell phone but less likely to use smartphone as compared to their counterparts. This may be because impairment in cognitive functioning may act as a barrier for these participants to navigate through a more complex and multifaceted smartphone interface [58, 59] and, thus, these participants may prefer a basic phone. In terms of utilization of cell phone, participants with NCI were less likely to access the internet, which could be driven by the fact that they were less likely to own smartphone, which may be associated with these participants belonging to low socio-economic status (e.g., low income). Alternatively, participants with NCI may lack necessary skills or understanding to benefit maximally from mHealth technology as compared to those without NCI [40] . Whereas, both participants with and without NCI were equally likely to use cell phone for a number of activities, such as phone calls, text messaging, watching videos, and recording videos. Overall, these findings lend support to the notion that cell phone could be used as a tool to accommodate NCI through its use as a new modality of monitoring and treatment support that may include text messaging [37, 56, 60] , phone calls [57, 60] , video-based eHealth interventions [61] [62] [63] , video (or virtually) observed therapy (VOT) [64, 65] targeted specifically for this at-risk populations.
Importantly, findings revealed a greater interest and willingness of participants with cognitive deficits to use mHealth technology, particularly text messaging, for medication reminder (e.g., PrEP), receiving HIV-related knowledge, and assessing health behaviors. This could be because neurocognitively impaired participants are not only concerned about their risk of HIV infection but also motivated to engage in treatment by using innovative tools (e.g., use of mHealth) as opposed to their counterparts.
This highlights a possibility of incorporating mHealth as an additional strategy to remediate the negative impacts that NCI may cause in various aspects of HIV intervention (e.g., medication adherence, information acquisition and retention, treatment follow-up). It should be noted, however, that careful consideration needs to be given during the design and implementation of such mHealth tools among this high-risk population, including the content of the text messages, the frequency and timing, type of communication (i.e., one-way or two-way communication), the cultural competency of content, the ethical considerations, and the motivation to engage in communication technology [32, 33, 41, 66] .
Implications and Future Studies
Over the past decade, the enthusiasm of clinicians, researchers, and policy makers has led to a rapid proliferation of various mHealth strategies for improving health outcomes [29-31, 33, 52] , especially because the Affordable Care Act is pushing practices toward population health management and performance-based payment models [67] . The integration of mHealth tools within existing EBIs has the potential to bridge systemic gaps needed to improve medication adherence as well as more effective utilization of health services, particularly among underserved populations. Furthermore, it can not only gain wider geographical access, but also surmount barriers such as transportation limitations, stigma, and privacy loss associated with traditional intervention strategies. Despite this increasing trend, the research literature investigating the use of mHealth in HIV prevention interventions remains in its infancy. Indeed, very little has been done on the use of mHealth tools in addressing the needs of high-risk, underserved, drug users in treatment setting. We hope the findings from this study will serve as empirical evidence to inform clinicians and researchers how best to integrate mHealth approaches to support existing evidence-based HIV prevention programs tailored towards underserved high-risk people who use drugs.
With the recent emergence of PrEP as an innovative strategy to reduce new HIV infections, results from PrEP trials have also highlighted the relationship between adherence to PrEP and its efficacy [25, 27, 28] . Therefore, as PrEP rolls out in the United States and elsewhere, research and demonstration projects are testing intervention strategies (i.e., the use of mHealth) that have effectively supported adherence to other medications (e.g., antiretroviral therapy; ART) among people living with HIV) [31, 34, 37, 56] . With the wide-scale availability of mobile technologies and high acceptability of mHealthbased approaches, as demonstrated in this study, mobile text messaging may serve as a feasible option to supplement traditional HIV prevention approaches (i.e., behavioral interventions) to improve PrEP adherence and treatment retention and, thus, to help prevent HIV acquisition and transmission among high-risk HIV-negative individuals. Overall, this study demonstrated that high-risk people who use drugs are interested in using mHealthbased HIV prevention approach; formative research on preferences for design and functionality of mHealth-based HIV prevention are now needed, followed by practical development, implementation, and evaluation of these new intervention strategies.
Limitations
The results should be interpreted in light of a few inherent methodological limitations. First, as with all cross-sectional studies, we are constrained in our ability to conclude cause and-effect relations. Second, we used self-report measures, which may have resulted participants underreporting socially undesirable behaviors (e.g., drug-and sexrelated risk behaviors). This may have been reduced, however, by the use of an ACASI approach, which provided participants with a high level of response privacy. Third, the BINI, while a very user-friendly and convenient screening instrument for difficult-to-reach populations, has not been validated using a gold standard battery and is not designed to measure all possible cognitive domains as would be the case in conducting a comprehensive neuropsychological battery. For a brief self-report measure, however, it does include a diverse set of factors with excellent overall reliability. Fourth, although the participants in this study showed significant interest in using textmessing services, the study did not look at whether they preferred one-way or two-way texting. Finally, the results of this study are specific to high-risk drug users in a substance abuse treatment setting. Therefore, future research that expands to include different study samples (e.g., individuals out of treatment and/or not enrolled in MMP) or locations may be needed before the findings can be generalized to other risk populations. Nonetheless, the results provide clear guidance for the development and implementation of mHealth-based strategies as part of existing evidence-based HIV prevention efforts that target medication (e.g., PrEP) adherence and HIV risk reduction strategies.
Conclusions
Despite promising trends of the efficacy of mHealth-based strategies to a broad range of health conditions [29, 30, 52] , very little if any studies have been done in terms of the examining the use of mHealth in HIV prevention efforts among high-risk people who use drugs in treatment. The findings from this study provide empirical evidence that mHealth-based programs, specifically cell phone text messaging-based health programs, may be acceptable to this high-risk population. Researchers are encouraged to conduct formative research to explore opportunities to integrate cell phone text messaging into HIV prevention programs designed for implementation, followed by practical development, implementation, and evaluation among people who use drugs in treatment.
